Objective To examine the temporal relation between depression and cognitive impairment in old age. Design Prospective, population based study with four years of follow up. Setting City of Leiden, the Netherlands. Participants 500 people aged 85 years at recruitment. Main outcome measures Annual assessments of depressive symptoms (15 item geriatric depression scale), global cognitive function (mini-mental state examination), attention (Stroop test), processing speed (letter digit coding test), and immediate and delayed recall (12 word learning test). Results At 85 years old, participants' depressive symptoms and cognitive impairment were highly significantly correlated (P < 0.001). During follow up, an accelerated annual increase of depressive symptoms was associated with impaired attention (0.08 points (95% confidence interval 0.01 to 0.16)), immediate recall (0.17 points (0.09 to 0.25)), and delayed recall (0.10 points (0.02 to 0.18)) at baseline. In contrast, depressive symptoms at baseline were not related to an accelerated cognitive decline during follow up (P > 0.05). Conclusion Caregivers should be aware of the development of depressive symptoms when cognitive impairment is present. However, the presence of depression only does not increase the risk of cognitive decline.
Introduction
Depression and cognitive impairment are among the most important mental health problems in elderly people. Both conditions have severe consequences, including diminished quality of life, functional decline, increased use of services, and high mortality. 1 Late onset depression and cognitive impairment often occur together, suggesting a close association between them. [2] [3] [4] It is not known, however, whether depression leads to cognitive decline or vice versa. 4 5 Clinical practice and research evidence suggest that depression precedes cognitive decline in old age. [5] [6] [7] [8] [9] [10] However, inferring a relationship is hampered because most studies on this topic examined only the association between depression and the subsequent development of cognitive impairment. [6] [7] [8] [9] [10] [11] [12] [13] [14] As depression may be an early sign rather than an independent risk factor for cognitive impairment, the temporal relation between depression and cognitive impairment in old age remains unclear.
Hitherto, only one study has investigated the temporal relation between depression and cognitive impairment in people aged 65 years and older. 15 The study is limited, however, by its use of the clinical diagnosis of depression and dementia as a dichotomous endpoint. We therefore followed up 500 elderly people living in the community with annual assessments of depressive symptoms and cognitive function in order to determine their temporal relation.
Participants and methods

Participants
The Leiden 85-plus study is a prospective, population based study of all 85 year old inhabitants of Leiden. Between 1 September 1997 and 1 September 1999, 599 participants were enrolled (response rate 87%). They were visited annually from the age of 85 to 89 years at their home for face to face interviews, and all gave their informed consent to participate. 16 For the present analysis, we included the 500 participants (83%) without severe cognitive impairment at baseline (mini-mental state examination score ≥ 19 points).
Cognitive function
We assessed x Global cognitive function with the mini-mental state examination 17 -scores range from 0 to 30 points, with lower scores indicating impaired cognitive functioning x Attention with the third chart of the 40 item Stroop test-time needed to name the ink colour of incongruously printed names of colours, with higher scores indicating poorer attention x Processing speed with the letter digit coding test-total number of correct digits assigned to letters according to a code key in 60 seconds, with lower scores indicating a slower speed x Immediate and delayed recall with the 12 word learning test-12 pictures are presented to the participant, who is then asked to recall them. This procedure is done three times. Outcome for immediate recall is the total number of words correctly recalled immediately after each procedure; outcome for delayed recall is the number correctly recalled after 20 minutes. Lower scores indicate impaired memory.
Parallel versions for the coding and memory tests, identical procedures but with different items, were available to prevent learning effects. These neuropsychological tests are sensitive to small differences in elderly people. 18 We did not assess attention, processing speed, or immediate and delayed recall in participants with a mini-mental state exam score of ≤ 18 points because these tests lack reliability and validity in people with severe cognitive impairment.
Depressive symptoms
We assessed depressive symptoms with the 15 item geriatric depression scale (GDS-15), a questionnaire specifically devel-oped for screening for depressive symptoms in elderly populations. 19 Its use has been validated in the Leiden 85-plus study, 20 and we have shown previously that it can detect longitudinal changes in depressive symptoms. 21 We did not use it with participants with a mini-mental state exam score of ≤ 18 points because it lacks reliability and validity in people with severe cognitive impairment.
Statistical analysis
We estimated the cross sectional correlation between depressive symptoms and cognitive function with Pearson's correlation coefficient. To assess the temporal relation between depression and cognitive function, we used separate linear mixed models adjusted for sex and level of education. Mixed models use all available data during follow up, can properly account for correlation between repeated measurements, and can handle missing data more appropriately than traditional models. They allow for the use of time independent and time dependent covariates. 22 
Impact of cognitive function on depression
We examined the impact of cognitive function at baseline on the course of depressive symptoms, restricting the analysis to participants without significant depressive symptoms at baseline (geriatric depression scale score ≤ 2 points). Our models included cognitive function at baseline, time, and the interaction of cognitive function at baseline and time. The estimate for "cognitive function at baseline" reflects the cross sectional impact of cognitive function on depressive symptoms averaged across all time points. The estimate for "time" reflects the annual change in depressive symptoms. The estimate for "interaction" of cognitive function at baseline and time reflects the additional annual effect per standard deviation of the mean of cognitive function at baseline on the course of depressive symptoms. The impact of cognitive function at baseline on the course of depressive symptoms is reflected by the estimate for "interaction" of cognitive function and time.
Impact of depression on cognitive function
We examined the impact of depressive symptoms at baseline on the course of cognitive function, restricting the analysis to participants without serious cognitive impairment at baseline (mini-mental state exam score ≥ 24 points). Models included depressive symptoms at baseline, time, and the interaction of depressive symptoms at baseline and time. The estimate for "depressive symptoms at baseline" reflects the cross sectional impact of depressive symptoms on cognitive function averaged across all time points. The estimate for "time" reflects the annual change of cognitive function. The estimate for "interaction" of depressive symptoms at baseline and time reflects the additional annual effect per standard deviation of the mean of depressive symptoms at baseline on the course of cognitive function. The impact of depressive symptoms at baseline on the course of cognitive function is reflected by the estimate for "interaction" of depressive symptoms and time.
Results
The figure shows the annual follow up visits for the 500 participants included in our study. During 1459 person-years of follow up (mean per person, 2.9 years), 39 people (8%) refused to participate in the repeated annual measurements, most of them at the first follow up visit. Of the 334 participants without significant depressive symptoms at baseline (geriatric depression scale score ≤ 2 points), 97 (29%) died and 28 (8%) declined to participate during follow up. Of the 415 non-demented participants at baseline (mini-mental state examination score ≥ 24 points), 124 (30%) died and 32 (8%) declined to participate during follow up. Table 1 shows the 500 participants' demographic and clinical characteristics at baseline. Of these participants, 184 (37%) were men, 303 (61%) had only a low level of education ( ≤ 6 years of schooling), 334 (67%) had no significant depressive symptoms (geriatric depression scale score ≤ 2 points), and 415 (83%) had no serious cognitive impairment (mini-mental state exam score ≥ 24 points). Table 2 shows the cross sectional correlation between depressive symptoms and cognitive function at baseline. Depressive symptoms were significantly correlated with lower scores for global cognitive function, attention, processing speed, and immediate and delayed recall and with higher test scores for attention (indicating reduced attention) (all P < 0.001). Table 3 shows the impact of cognitive function at baseline on the course of depressive symptoms in the 334 non-depressed participants at baseline (geriatric depression scale score ≤ 2 points). An accelerated annual increase of depressive symptoms during follow up was associated with impaired attention (0.08 points (95% confidence interval 0.01 to 0.16)), poorer immediate recall (0.17 points (0.09 to 0.25)), and poorer delayed recall (0.10 points (0.02 to 0.18)) at baseline. These estimates remained simi- Participant flow through study lar when we included participants with a geriatric depression scale score of ≥ 2 points (data not shown). Table 4 shows the impact of depressive symptoms at baseline on the course of cognitive function in the 415 non-demented participants at baseline (mini-mental state exam ≥ 24 points). Depressive symptoms at baseline were not associated with an accelerated cognitive decline during follow up (P > 0.05). These estimates remained similar when we included participants with a mini-mental state exam score ≤ 24 points (data not shown).
Discussion
Depressive symptoms and cognitive impairment were highly significantly correlated cross sectionally, showing that they do co-occur in old age. Crucially, we found that cognitive impairment at baseline was associated with an accelerated increase of depressive symptoms, whereas depressive symptoms at baseline were not related to an accelerated cognitive decline.
Thus our data show that cognitive impairment preceded the onset of depressive symptoms but not vice versa.
How does cognitive impairment lead to depression in old age?
We found specifically that impairment of attention and memory preceded the development of depressive symptoms. The awareness of cognitive decline may cause depression as a psychological reaction to the loss of cognitive functioning. Indeed, memory complaints in old age may be an early sign of dementia and, as such, upset elderly people. 23 Thus, adequate functioning of attention and memory may be especially important to elderly people, explaining why their loss is associated with an accelerated increase of depressive symptoms. A common aetiology or sharing of risk factors is less likely to explain the association between depression and cognitive impairment. In that case, we would have expected that depressive symptoms precede cognitive decline also.
Comparison with other studies
Inferring causality in the relation between depression and cognitive impairment in old age has been hampered by the fact that most studies have examined only one direction of this relation. Some studies found that depression is a risk factor for the development of cognitive decline, 6-10 whereas others could not confirm this finding.
11-14 Examination of both directions of the relation between depression and cognitive impairment shows that depression in old age is a concomitant phenomenon of already existing cognitive impairment rather than an independent risk factor. Our findings, based on various measures of cognitive function instead of a dichotomous end point, are in line with those from a large population based study in people aged 65 and older showing that depression is an early manifestation rather than a predictor of Alzheimer's disease. 15 Thus, in elderly people the presence of depressive symptoms does not mean that they are at increased risk of cognitive decline.
Strengths and weaknesses of this study
The major strengths of this study are the annual assessments of depressive symptoms and various cognitive functions, the use of linear mixed models, and the population based sample of elderly people. A possible weakness is that depression was not formally diagnosed. However, depressive symptoms in old age have similarly serious consequences as do depressive disorders. 24 Hence, depression may better be interpreted as a continuum of depressive symptoms rather than the mere presence or absence of a depressive disorder.
Conclusions
We found that cognitive decline preceded depression in old age-specifically impairment of attention or memory preceded the development of depressive symptoms. Depression seems to be a concomitant symptom of cognitive impairment rather than an independent risk factor. Therefore, caregivers should pay special attention to early detection and treatment of depressive symptoms in elderly people with cognitive impairment.
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